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Ameiidinents to the Qaims : 

This listing of claims will replace all prior versions and listings of claims in this 
application-inchiding presently cancelled claims 66, 68, 69, amended daim 67, and 
added new cimms 82-85. 

Listing of Claims : 

Claim I (original): A semiconductor device comprising: 

a layer of semiconductor material; 

a thyristor formed in the layer of semi-conductor material; 

the thyristor comprising at least one base-emitter junction; and 

leakage species disposed in the semiconductor material and across the at least one 
base-emitter junction. 
Claim 2 (original): The device of claim 1, in which the leakage species comprises 

carbon. 

Claim 3 (original): The device of claim 2, in which the carbon comprises a density 
across the at least one base-emitter junction sufficient to establish a low-voltage 
leakage characteristic for the at least one base-emitter junction that is substantially 
greater than the leakage therefor absent the carbon. 

Claim 4 (original): The device of claim 3, the low-voltage leakage diaracteristic greater 
\ than twice the leakage therefor absent the carbon. 

Claim 5 (original): The device of claim 3, in which the low-voltage, leakage 
characteiistic is characterized across a bias region of les^ than 0.50 volts. 
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Claim 6 (original): Thedeviceof claim 2, in which: 

the at lease one base-emitter junction is defined between an anode and N-base of the 

thyristor; 

the anode and the N-ba$e are fonned in a layer of silicon of an SOI substrate; 
the N-base comprises an area per a planar top view of magnitude less than 100 x 200 
nm^; and 

the carbon defines a boimdary in the layer of silicon, the boundary short of the 
junction between the N-base and P-base of the thyristor 
Claim 7 (original): The device of claim 2, fiirther conq)ri$ing; 
a layer of silicon over insulator; 

the thyristor comprising N-P-N-P doped regions in the layer of silicon for the 
respective cathode, P-base, N-base and anode regions of the tfa^stor; snd 

each of the base-emitter junctions for the respective anode-to-N-base and cathode-to- 
P-base boundaries comprising carbon-silicon type defects for eflfecting low-level 

leakage. 

Claim 8 (original): The device of claim 2, the density of the caibon within the at least 
one base-emitter junction to reduce the of a respective one of the bipolar 
transistor for the thyristor over a tow-bias range therefor. 

Claim 9 (original): The device of claim 8, in wMch the density of the carbon and an 
armealed structure therefor within the at least one base-fitter junction are sufSdent 
to establish the gain of the respective bipolar transistor less thaA one-half af gain 
therefore absent the carbon. 

Claim 1 0 (original): The device of claim 8, in which the base-emhter junction comprises 
a depletion width and the density of the carbon is greater than 10 ^'^per (cm) ^in the 
depletion width and less than 10 per (cm)'' across the basenbase junction. 



Pafte3ofI8 

PAGE4/19' RCVD AT 2116/20054:48:36 PM [Eastern Standard Ti^^^ 



FROM : FIELDS IP PS 



FPX NO. : 3608380144 



Feb. 16 2005 03:00PM 



Appl. No. 10/670,881 

Aindt. dated February 16, 2005 

Suppleniemal Repfy to Office action of October 19, 2004 

Docket No. 2000.008.00AJS 

Claim 11 (original): A thynstor memory device^ comprismg: 

a thyristor formed in semiconductor material, the thyristor compiisin^; 
an anode/cathode, 
a cathode/anode, 

first and second base regions disposed between the anode/cathode and the 
cathode/anode, 

a first base-emitter junction region defined between the anode/catfaode and the 
first base region, 

a second base-emitt^ junction region defined between the catfiode/anode and the 
second base; and 

iifetime-^adjusting defects disposed within a region of the semiconductor material 
that includes at least a portion of a depletion region of the first base-emitter 
%^uiiMi ysJiv^ftidOij. J.U6 ut;;vik;c ui uijiuii i i, iiAc lucuuic-aujui^img ueiecis compiismg 
carbon-type defects. 

Claim 13 (original): The device of claim 12, in which the carbon-type detects comprise 

an average diameter less than a nanometer. 
Claim 14 (original): The device of claim 12, m which the carbon-type defects are formed 

by an anneal of the semiconductor material for the first base-emitter junction region 

with carbon disposed therein. 
Claim 15 (ori^al): The device, of plaim 14, the carbon-type defects comprising a 

density for the carbon, and formed by an anneal, sufficient to import non-ideal 1-V 

characteristics for the junction in at least a low vohage bias region therefor 
Claim 16 (original): The device of clahn 12, in which each of the base-emitter junctions 

of the thyristor comprises caibon-type defects as the li&time*adjusting d^ects. 
Claim 17 (origmal): The device of claim 1 1, in which a bipolar transistor of the thyristor 

that is associated v^ith the first base-emitter junction region conq^rises a gain (beta) 

across a low-level bias region therefor^ of magnitude substantially less than an ideal 

gain therefor absent the lifetime-adjusting defects. 
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Claim 18 (original) : The device of claim 1 1, in winch the junction region between the 
two different base regions of the thyristor is substantiaJIy free of the lifetime- 
adjusting defects. 

Claim 19 (original): A semiconductor memory comprising: 
an access transistor comprising a gateabie channel; and 

a capacitively-coupled thyristor memory cell accessible via the access transistor, the 
capacitively-coupled thyristor comprising: 

a cathode/anode region fonned in semiconductor material and electrically cou{ded 

to a drain/source r^ion of the access transdstor. 
at least one base-emitter junction region electrically in series with the 

cathode/anode, and 

leakage species disposed in a region mcluding a portion of a depletion Tvidth of 

the base-emitter junction region. 

Claim 20 (original): The device of cl^ 19, m which the leakage species comprises 
carbon. 

Claim 21 (original): The device of claim 20, in which: 

the semiconductor material comprising silicon; and 

the leakage species comprises C-Si self-interstitial type complexes. 
Claim 22 (original): The device of claim 21, the C-Si self4ntcretitial type complexes 
^ comprising a density sufficient to establish a li&time for minority carriers within the 

depletion width of the base-emitter jimction region of magnitude substantially less 

than that for intrinsic silicon. 
Claim 23 (original): The device of claim 22, in which the C-Si sdf-int^^stitial type 

complexes form "micro" defects within the silicon lattice associated with the 

depletion width of the base-emitter junction region. 
Claim 24 (origiiial): The device of claim 23, in which the micro defects comprise an 

average diameter less than one nanometer. 
Claim 25 (withdrawn). A method of febricating a semiconductor device, comprising; 

implanting dopant into semiconductor material for at least one of anode, N-base, P- 
base and cathode regions for a thyristor; and 
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implanting impurities imo select r^ons of the semiconductor material, 

the select re^ons to extend across at least one of a first junction r^on for between 

the anode and N-base r^ons and a third junction r^on for between the cathode 

and P-ba$e region. 

Claim 26 (withdrawn). The method of daim 25, the implantii^ of irapuritiesi to conq)nse 
implanting of carboa 

Claim 27 (withdrawn). The method of 26, fiuther comprising using a mask over the 
semiconductor material during the implanting of the caibon to protect a second 
junction region for between the N-base and P-base regions. 

Claim 28 (withdrawn). The method ofclaim 26, fiirther comprising: 
annealing the semiconductor mat^ial to activate dopant implants, and 
annealing the semiconductor material with the implanted carbon zcross the at least 
one of the first and third junction r^ons. 

Claim 29 (withdrawn). The method of claim 28, in whicli the annealing to activate and 
the annealing of the semiconductor material with the fai^lanted carbon share a 
common anneal. 

Claim 30 (withdrawn). The method ofclaim 28, in which at least one of the f^tmealing 
uses a temperature greater than 600 degrees Celsius and less than 1200 degrees 
Celsius and a duration less than 20 seconds. 
Claim 3 1 (withdrawn). The method of claim 28, in which the inqilanting of the carbon 

forms a cari^on distribution across each of the first and the third junction regions. 
Claim 32 (withdrawn). The method of claim 28, in which the implanting of the carbon 
into the semiconductor material comprises: 

using an edge of a mask over the semiconductor matoial for the alignment of the 

cari3on implant; and 
selecting an angle and energy of incidence for the implanting of the carbon to 
define a lateral extent therefor beneath the mask that is less than that for the 
N-base region. 
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Claim 33 (withdrawn). The method of claim 32, in which the implanting of the carbon 
comprises using an angle of incidence therefore relative to the horizontal that is 
greater than that for the implanting of the N-type dopant and less than 80 degrees. 

Claim 34 (withdrawn). The method of claim 33, In which an implanting of dopant for the 
anode comprises; 

implanting dopant into the region of the semiconductor material for the anode; 

aiigmng the implanting of the dopant for the anode using the same edge of the mask 
over the semiconductor material as that for the implanting of the base region; and 

selecting an angle of incidence for the implanting between 80 to 100 relative to the 
surface of the semiconductor material. 
Claim 35 (withdrawn). The method of claim 34, further comprisipg using an inq^lant 

dosage for the carbon greater than about 10^13 per cm'^S. 
Claim 36 (withdrawn). The method of claim 26, further comprisiiig usi^g a layer of 

silicon less than 10,000 angstroms over an insulator for the semiconductor material. 
Claim 37 (withdrawn). The method of daim 26, further comprising selecting parameters 

for at least one of a density and an anneal for the cari^on inoplams mto the 

semiconductor material sufficient to effect a low-voltage leakage characteristic for the 

at least one of the first and the third jimctions to be substantially greats than the 

leakage therefor absent the caibon. 
Claim 38 (withdrawn). The method of claim 37, in which the lower voltage leakage 

characteristic, over a lower voltage bias region, shall be at least two times greater than 

a leakage therefor absent the carbon. 
Claim 39 (withdrawn). The method of claim 26, fiirther comprisfaig sdectitkg at least one 

of a density and anneal for the carbon implants in the semiconductor material to 

establish a gain for at least one of the bipolar transistors, across a low-level bias 

region, of the thyristor to be substantially less than a gain therefor absent the carbon. 
Claim 40 (withdrawn). The method daim 39, in which the low-Ievel bias region 

comprises a current range wherdn a carbon-efFected leakage component of the 

leakage current dominates the ideal diode difiusion current component. 
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Claim 41 (withdrawn). The method of claim 26, further comprising using a dosage and 
energy for the carbon implianting to implant the carbon in the select regions of the 
semiconductor material with a density of at least lO'^l? per cm'^S. 
Claim 42 (withdrawn). The method of claim 41, fiirther comprising using a temperature 
and a duration for an anneal of the carbon implants sufficient to fonn defects with an 
average diameter less than 1 nm. 
Claim 43 (withdrawn). The method of claim 42, further comprising using a tenq^erature 

of at least 400 °C for the temperature of anneal of the carbon hnplants. 
Claim 44 (withdrawn), A method of processing, comprising: 

implanting dopant of first type conductivity into a first select region of a layer of 

silicon for a base region of a thyristor, 
implanting dopant of second type conductivity opposite the first into a second select 
region of the layer of silicon for an emittM" r^on of the thyristor neighboring the 
base region; and 

implanting adjustment species into a third select region of the layer of silicon 
overlapping a boundary defined between the base r^on and the emitter region. 
Claim 45 (withdrawn). The method of claim 44, the adjustment ^edes con^rising 
carbon. 

Claim 46 (xvithdrawn). The method of claim 45, fiirther comprising: 

activating the first and second type conductivity dopants implanted in the layer of 
silicon; and 

starting the activating after the implanting of the carbon. 
Claim 47 (withdrawn). The method of claim 46, in which the activating the dopants 
comprise annealing the layer of ^con using a temperature of at least 400 degrees 
Celsius. 

Claim 48 (withdrawn). The method of claim 46, in which the activating the dopants 
comprises exposing the layer of silicon to an ambirat temperature of between 600- 
1200 d^ees Celsius. 

Claim 49 (withdrawn). The method of claim 45, in which the implanting the dopant of 
first type conductivity, the implanting the dopant of second type conductivity and the 
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implairting the caitoti each comprise a self-alignment thereof rdative to an edge of a 

common implant mask. 
Claim 50 (withdrawn). The method of claim 49, further comprising usmg an angle of 

incidence for the implanting of the carbon that is between a first angle of inddence 

for the implanting of the first-type conducti vity dopant and a second angle of 

incidence for the implanting of the second-type conductivity dopant. 
Claim 5 1 (withdrawn). The method of claim 45, using a dosage of carbon for the carbon- 
type implant and an anneal temperature for the activating that are sufficient to effect a 

minority-carrier lifetime in a depiction re^on of the boundary. 
Claim 52 (withdrawn). The method of claim 5 1, in which the dosage and the anneal 

temperature are selectant sufficient to effect the minorhy-caiti^ Hfetiine to be less 

than one-half a lifetime therefore in an intrin^c silicon material. 
Claim 53 (withdrawn). A method comprising: 

operating a capadtively-coupled thyristor mraiory; and 

shunting ii^rrent of at least a first base region of a thyristor of the capacttivdy- 
coupled thyristor memory during the operating. 
Claim S4 (withdrawn). The method of claim 53, wherdn the shunting comprises 

shunting a low-level current between the first base region and another node. 
Claim 55 (withdrawn). The method of claim 54, further compri^ng hiasai^ the another 

node. 

Claim 56 (withdrawn). The method of claim 54, wherein the shunting low-levd cunreot 
comprises shunting a low-level current between the first base r^on and an adjacent 
emitter r^on. 

Claim 57 (withdrawn). The method of claim 54, wherein the shunting low-level current 
comprises shunting current between the first base region and a contact electrically 
coupled to an emitter region adjacent to the first base regioa 

Claim 58 (withdrawn). The method of claim 53, in which the operatiug comprise 
biasing an electrode capacitively-coupled to a second base region of the capadtively- 
coupled thyristor. 
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Claim 59 (withdrawn). The method of claim S8, wherein the shuntiiig current conq^rises 

shunting a tunneling current to the base region. 
Claim 60 (withdrawn). The method of claim 59, in which the shunting a tunneUng 

current comprises tunneling charge across a tunneling dielectric. 
Claim 61 (withdrawn). The method of claim ^53, wherein the shunting current comprises 

passing a low-level current through a resistive path between an emitter region and a 

base region of an anode end portion of the capacitively-coupled thyristor 
Claim 62 (withdrawn). The method of claim 6 1, flirther comprising shunting current 

through a resistive path between an emitter region and a base region of a cathode end 

portion of the capacitively-coupled thyristor. 
Claim 63 (withdrawn). The method of claim 53, wherein the shunting current comprises 

propagating a low-level current through an intervening region between the first base 

region and the emitter region, the intervening region comprising dopant concentration 

that is higher than that of the first base region. 
Claim 64 (withdrawn). The method of claim 63^ wherein the shunting current finther 

comprises propagating the low-level current through a depletion r^on associated 

with the intervening region. 
Claim 65 (withdrawn). The method of claim 53, wherdn operating the capacitively- 

coupled thyristor comprises controlling a bias level of an dectrode capacitively- 

coupled to a base region of the thyristor. 
Claim 66 (currently cancelled). A semiconductor memory device comprising: 
a thyristor; 

an electrode capacittvely-coupled to a first base region of the thyristor; and 
means for shynting low-level current of at least one of the first base region and a 
second base region of the thyristor. 
Claim 67 (currently amended); A thyristor semiconductor memory device comprisiiig: 
a thyristor comprising anode-emitter and cathode-emitter regions and two separate 
base regions of opposite type conductivity between the anode-^emitter region and 
the cathode-emitter region; 
^an electrode capacitiveiy-coupled to one of the two base r^ons; and 
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a shunt to shunt low-level current of at least one of the base repions, oomprisinp: 

a transist o r having sou rce and drain rep^n^: 

one of the source and drain regions electrically coupled to one of the cathode and 

anode regions of th e thyri stor: 
the other of the sourc e and drafa redons bein^ elec tricalhy coupled to one of the two 

baJSfi regions; and 

the traiisjstQr comprising a gate electrically coupled to the other of the twQ 
base regions and operable under W as to control a conductivttv b^ween the source 
and_dt^jegions. 

Claim 68 (currently cancelled). The semiconductor device of claim 67, wherein the shunt 

comprises: 

a transistor having source and drain regions; 

one of the source and drain regions electrically coupled to the cathode/anode^^mitter 

region of the thyristor; and 
the other of the source and drain regions being electrically coupled to the base region 

that is capacitively-coupled to the electrode; 
the transistor further comprising a gate operable under bias to control a conductivity 

between the source and drain regions. 
Claim 69 (currently cancelled). The semiconductor device of claim 68, wherdn the gate 

is electrically coupled to the other of the two base regions. 
Claim 70 (withdrawn), A method of manufacturing a semiconductor device comprismg: 
forming a thyristor with anode-emitter and cathode--eTnitter regions^ and first and 

second base regions between the anode^mitter region and the cathode-emitter 

region; 

forming an electrode capacitively-coupied to the second base region; and 
forming a low-level current shunt to shunt current at a first base n^on. 
Claim 71 (withdrawn). The method of claim 70, wherein; 

the forming of a thyristor device comprises hnplanting the first base r^on with N- 
type dopant; and 
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the low-level current shunt Is formed between the first base r^on of N-type dopant 
and another node that is operable to receive the bias voltage. 
Claim 72 (withdraw|i). The method of claim 70^ wherein the fonniog the low-levd 
cuirent shunt comprises forming a low re»istaace contact therefor coupled to the 
anode-emitter region and a relatively higher resistance contact tiierefer coupled to the 
first base regioa 

Qaim 73 (withdrawn). The method of claim 70, wherein the fonning the low-level 

current shunt comprises forming the current shunt to shunt current between the first 

base region and the anode-emitter region. 
Claim 74 (withdrawn). The method of claim 73, further comprising forming one of an 

intervening region between the anode-emitter and the first base region with a dopant 

concentration gradient for a substantially enhanced concentration of dopant therefore 

proximate the other regioa 
Claim 75 (^withdrawn). The method of claim 74, the enhanced concentration therefbre to 

impart tunnel-diode characteristics for the junction defined between the anode-cxnhter 

and the first base region. 
Claim 76 (mthdrawn). The method of claim 75, wherein the anode-emitter region and the 

first base re^on may further define a depletion region ther^etween/tfaereof as a part 

of the current shimt. 

Cldim 77 (withdrawn). The method of claim 70, wherein the forming the current shunt 
comprises implanting lifetime adjustment species to affect a minority-canier lifetime 
in a region across at least one base-emitter junction for the thyristor. 

Claim 78 (withdrawn). The method of daim 70, wfa^^ the forming the current sbum 
comprises; 

forming a region having a low efifecuve tninority-carrier fifettme across at least Ofie 

base-emitter junction fi^r the thyristor; and 
forming the region for low effective minority-carrier lifetime with at least one of 

polycrystalline, amorphous and re-ciystallized material 
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Clmm 79 (withdrawii). The method of claim 78, herein the fonning the region of low 
effective minority-carrier lifetime comprises bombarding the region with sufficient 
energy of bombardment to damage a crystalline structure therein. 

Claim 80 (withdrawn). The method of claim 77, wherein the implanting the lifetime- 
adjustment species comprises implanting the region with at least one species of the 
group consisting of a metal, group IV and group Vni type species of the paiodic 
table. 

Claim 81 (withdrawn). The method of claim 80, in which the implanting the lifetime- 
adjustment ^ecies comprises implanting th^ region with carbon. 

Claim 82 (new): The semiconductor device of claim 2, in which the carbon within the at 
least one base-emitter junction causes a reduction in a bipolar gain of the thyristor. 

Claim 83 (new): The semiconductor device of claim 82, in which current flows across 
the at least one base^^tter junction and the reduction in gain is greater at lower 
current levels than at higher current levels. 

Claim 84 (new) : The semiconductor device of claim 67, in which: 
the Uansistor comprises a MOSEET; 

the source/drain region of the MOSEET electrically coupled to the cathode regpion of 
the thyristor; 

the drain/source region of the MOSFET electrically coupled to the p-base region of 
the thyristor; and 

the gate of the MOSFET electrically coupled to the n-base region of the thyristor. 
Claim 85 (new): The semiconductor device of claim 67^ in which: 

the transistor comprises a MOSFET defined in part by the source region, the drain 
region and the gate; 

the drain/source region of the MOSFET electrically coupled to the anode region of 

the thyristor; 

the source/drain re^on of the MOSFET electrically coupled to the n-base r^on of 
the thyristor; and 

the gate of the MOSFET electrically coupled to p-base re^on of the thyristor. 
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